Seven cases of hepatic arterioportal fistulae in young dogs (mean age 6 months) are described. All cases were presumed to be congenital in origin. The onset of clinical signs, which frequently included gastrointestinal and neurological disturbances, was usually sudden. All dogs had clinical evidence of portal hypertension in the form of ascites, and all developed multiple extrahepatic portacaval venous shunts consequential to portal hypertension. The neurological disturbances were likely the result of portacaval shunting. The arterial and venous vessels involved in the fistulae had markedly altered wall structure. Hepatic regions adjacent to the fistulae frequenlty evidenced marked bile duct proliferation. Hepatic parenchymal atrophy, relative collapse of distributing portal veins, dilatation of hepatic arterial branches and proliferation of hepatic arterioles were seen throughout the liver: these changes closely resembled those present with portacaval shunting in the absence of hepatic arterioportal fistulae. The importance of recognizing that hepatic arterioportal fistulae and multiple extrahepatic portacaval shunts usually coexist and separately influence the morphological appearance of the liver is stressed.
Intrahepatic arteriovenous fistulae have been recognized infrequently in the cath and man.'.' In most cases the fistulae represent communications between the proper hepatic arteries and portal venous radicals with retrograde flow into the portal vein. Arteriovenous fistulae involving the proper hepatic arteries and hepatic venous radicals are particularly rare and are usually associated with the rapid onset of cardiac failure.'.) The insertion of the hepatic sinusoids between the heart and arterioportal fistulae is believed to protect against the early onset of cardiac failure.? The etiologies of arterioportal fistulae include abdominal trauma, rupture of hepatic arterial aneurysm, iatrogenic (secondary to surgical intervention or diagnostic procedures), and congenital defects. The four cases previously reported in the dog appeared to represent congenital hepatic arterioportal fistulae.1.7.y This report describes the hepatic pathology of seven dogs with hepatic arterioportal fistulae of presumed congenital etiology. These dogs usually presented signs of portal hypertension, which included ascites and multiple extrahepatic portacaval venous shunts. The details of clinical studies and surgical corrective procedures will be reported elsewhere."
Materials and Methods
Tissues were collected by biopsy or at necropsy in the seven dogs. Tissues were fixed in neutral buffered 10% formalin solution, processed routinely, and embedded in paraffin. Sections were stained with hematoxylin and eosin (HE). Selected sections from each case were stained with Verhoefs elastin stain and counterstained with Van Gieson's collagen stain.
Results

Clinical findings
The salient clinical details of the seven dogs with hepatic arterioportal fistulae (Table 1) showed the majority of dogs had a relatively acute onset of clinical signs which included lethargy, anorexia, weight loss, vomiting, and diarrhea. A variety of neurological disturbances, which included depression, disorientation, behavioral changes, seizure activity, and coma, were seen in five dogs. Ascites was present in all dogs. The most common clinicopathological abnormalities included elevated bromsulphalein retention, elevated plasma ammonia, decreased plasma total protein, and decreased plasma albumin.
The presence of hepatic arterioportal fistulae was established either at exploratory surgery or preoperatively by selective celiac arterial angiography or by hepatic nuclear scintigraphy with technetiumygm sulfur colloid. Multiple extrahepatic portacaval venous shunts were found in all dogs at surgery. These shunts were most easily recognized in the region of the left kidney.
Pathology
The hepatic arterioportal fistulae involved one or more lobes of liver (Table 1) . Exploratory surgery revealed dilated, tortuous, pulsating vessels on the surface of affected lobes. These vessels were often supplied by numerous arterial branches (Fig. 1) . The multiple nature of the arteriovenous fistulae was confirmed in three dogs by celiac angiography. The affected lobes were enlarged by the presence of the fistulae, however overall liver size was generally considered reduced in most dogs. Distension of the portal vein and vena cava and multiple portacaval venous shunts usually located in the left renal region, were seen in all dogs. Cross sections of surgically resected liver lobes revealed numerous large cavernous vessels within the lobes. Necropsy examination of three dogs did not reveal additional cavernous vessels in the remaining liver lobes. Microscopic findings in the surgically resected lobes often varied markedly according to the proximity of the section to the immediate region of the arteriovenous fistulae. This region was delimited by the presence of numerous dilated thin-walled vessels up to 9 mm diameter, presumably portal venous branches, interspersed with numerous small arteries up to 1.5 mm diameter.
Multiple abnormalities were present in the arteries involved in the fistulae. Partial elastolysis. splitting and duplication of the internal elastic lamina were frequently seen ( Fig. 2A ). Intimal hyperplasia consisting of smooth muscle invasion and proliferation and increased deposition of fine elastin fibers was particularly noticeable. The intimal smooth muscle hyperplasia often assumed a longitudinal orientation ( Fig. 2A ) and in some instances resulted in almost total occlusion of the afflicted vessels. The circular smooth muscle coat was often partially disrupted and narrowed in these vessels, and degenerative changes characterized by deposition of mucinous material and mineral in the in-tima and media were also frequently observed. The result of these changes was a marked alteration of the hepatic arterial wall structure, which normally has a scant intima and only a circular smooth muscle coat (Fig. 2B) .
The portal venous branches in the immediate region of the fistulae were markedly dilated. Increased deposition of fine and coarse elastin fibers was particularly noticeable in the intima. In some vessels this deposition created the illusion of an internal elastic lamina: however, it never completely encircled the vascular lumen. The media was often thickened by smooth muscle hyperplasia and increased deposition of coarse and fine elastin fibers (Fig. 3A) compared to the media of normal portal veins of similar size (Fig. 3B) .
The hepatic parenchyma adjacent to the arteriovenous fistulae was strikingly altered. The hepatocellular plates were markedly attenuated, especially in periacinar regions. The sinusoids were correspondingly dilated and often congested. Bile duct proliferation and increased collagen deposition was particularly noticeable in regions immediately adjacent to the fistulae ( Fig. 4) . Conducting portal veins throughout the resected lobes frequently manifested evidence of prior thrombosis and recanalization (Fig. 5 ) . The walls of other similar vessels were thickened due to intimal and medial hyperplasia which resulted from proliferation of smooth muscle cells and increased deposition of elastin and collagen fibers. Distributing portal veins were relatively collapsed and the lumenal diameter was often markedly decreased. The wall structure of these vessels was quite loose due to separation of the elastin fibers ( Fig. 6) . Corresponding abnormalities in the conducting and distributing hepatic arteries were usually limited to an apparent dilatation of their lumens. Hepatic arterioles and arterial capillaries, however, were often increased in number. This change was sometimes difficult to appreciate in portal regions adjacent to the arteriovenous fistulae because it was overshadowed by bile duct proliferation (Fig. 4) . Hepatic arteriolar proliferation was more readily recognized in regions remote from the fistulous portion of resected lobes where bile duct proliferation was usually not apparent (Fig.  7) .
In the three dogs that were necropsied, the remaining uninvolved liver lobes usually manifested similar microscopic changes as regions of the fistulous lobes remote from the vicinity of the arteriovenous fistulae.
Discussion
Hepatic arterioportal fistulae were demonstrated in seven dogs. Surgical and angiographic findings confirmed that multiple arteriovenous communications were always present. The mean age of the dogs was 6 months and the onset of clinical signs, which frequently included gastrointestinal and neurological disturbances, was usually sudden. All dogs had clinical evidence of portal hypertension in the form of ascites, and all developed multiple extrahepatic portacaval venous shunts, presumably consequential to portal hypertension, which resulted from the presence of high pressure hepatic arterial blood in the portal venous system. The clinicopathological, neurological, and some of the hepatic morphological abnormalities were likely consequences of portacaval shunting. The vessels directly involved in the formation of the arteriovenous fistulae had markedly altered wall structure. The arteries evidenced intimal smooth muscle proliferation and increased elastin fiber deposition; the internal elastic lamina was quite altered and showed partial to almost complete elastolysis or splitting and partial duplication. The portal veins directly involved in the fistulae were markedly dilated. Their walls, thickened by smooth muscle proliferation and enhanced deposition of elastin fibers, began to resemble arterial walls except that a complete internal elastic lamina was never attained. These changes in the venous wall structure have also been seen in experimentally-induced arteriovenous fistulae8 and in segments &:#- of veins grafted into arteries? and are believed to represent responses to increased intravascular hydrostatic pressure.' Certain of the arterial wall changes. particularly the alterations to the elastin framework and the smooth muscle proliferation. have also been seen in experimentally induced arteriovenous fistulae.h The elastin framework alterations, particularly elastolysis. are thought to result from diminution of the vasa vasorum network which results in relative hypoxia in the arterial walL8
The young age of the dogs. the lack of a history of severe abdominal trauma and the multiple nature of the arteriovenous fistulae strongly favor a congenital origin. Congenital arteriovenous fistulae result from failure of differentiation of the common embryological anlage into artery and vein. The result is a persistence of a number of the multitudinous communications normally present between arteries and veins at the beginning of the process of differentiation. Hence congenital arteriovenous fistulae usually involve multiple vessels.' ' Arterioportal fistulae in humans may remain asymptomatic for long periods.' ' Hence it would not seem unreasonable that the fistulae in our dogs could have been present from birth and not associated with clinical signs until many months later. Unlike hepatic artery to hepatic vein fistulae. hepatic arterioportal fistulae in man are not associated with the rapid onset ofcardiac failure. The interposition ofthe hepatic sinusoids is believed to attenuate increased portal venous pressure and flow which acts as a protective mechanism for the heart.?.' However, the dogs of this report subjected to celiac angiography were found to have hepatofugal rather than hepatopetal flow in the portal vein. Hence the role of the hepatic sinusoids in attenuating increased portal venous pressure and flow would appear to be obviated. The presence of the secondary extrahepatic multiple portocaval shunts may have produced at least some resistance to flow and thereby dampened the secondary cardiac changes that would otherwise be anticipated in hepatic arterioportal fistulae in the dog. Clinical signs generally are the result of portal hypertension and portacaval shunting, and in regard to the latter. may take some time to develop.
The morphological abnormalities in regions of the surgically excised lobes remote from the arterioportal fistulae were similar to those expected with diversion of the normal portal stream.' '" They included parenchymal atrophy, relative collapse of the distributing portal veins. dilatation of hepatic arteries, and proliferation of hepatic arterioles. Parenchymal atrophy was usually more severe immediately adjacent to the fistulae and probably reflected more severely compromised portal flow in this region associated with the high incidence of thrombosis and recanalization of conducting portal veins seen in our cases. Studies in dogs with surgically induced portacaval shunts (Eck fistulae) have shown that the loss of hepatotrophic factors from the pancreas, particularly insulin. is largely responsible for the liver atrophy observed in these dogs. I I Paradoxically. hepatic arterioportal fistulae would be expected to cause increased hepatic blood flow via the portal vein as a consequence of portal hypertension, and hence hepatic atrophy is unexpected. However, portal hypertension results in the development of multiple extrahepatic portacaval shunts and portal blood containing hepatotrophic factors. The blood is diverted via the shunts into the systemic circulation and hepatic atrophy results. The morphological appearance of the intrahepatic portal venous branches was consistent with overall decreased portal flow through the liver. Under this circumstance, hepatic arterial blood flow would be expected to increase as a consequence of the well characterized hepatic arterial buffer response to decreased portal blood Indeed. the dilatation of hepatic arterial branches and the apparent proliferation of hepatic arterioles and arterial capillaries may well be the morphological correlates of increased hepatic arterial flow.
